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Abstract 
The main objective of this paper is to obtain reservoir properties, such as porosity, 
both at the well locations and in the inter-well regions from seismic data and well logs. 
The seismic and well-log datasets are from an oil field in eastern Saudi Arabia, and the 
main target is a Jurassic carbonate reservoir. The geology of carbonate reservoirs in Saudi 
Arabia is well understood. However, reservoir porosity estimation is essential and needs 
to be determined for flow simulation and reservoir management.  
One of the main components of this project is establishing the relation between the P-
impedance and porosity using well log data. An amplitude-versus-angle (AVA) seismic 
inversion algorithm was employed to invert for the 3-D impedance volumes (i.e., P-
impedance and S-impedance) given partial angle stacks of seismic traces representing 
reflection amplitude variations with angle of incidence. These impedance volumes were 
used to estimate porosity between the well locations. The seismic and log data provided a 
priori information (i.e., the initial starting model and source wavelet estimate) to obtain 
geologically consistent results.  
 
Introduction 
The Upper Jurassic Arab-D carbonate in eastern Saudi Arabia (Fig. 1) is a prolific oil 
producer. However, lateral changes in depositional facies and their subsequent diagenesis 
cause highly variable distribution of porosity and permeability, which affect well 
productivity. Unlike siliclastic rocks, carbonate rocks, in general, pose unique challenges 
regarding how porosity affects seismic velocity. They are mostly deposited very close to 
the site where they were created. Due to their predominant biological origin, the 
depositional environment and diagenesis of carbonate rocks commonly lead to complex 
textures and modify the mineralogy and pore structures, changing the bulk elastic 
properties. All of these effects make carbonate reservoirs more challenging than 
siliclastic deposits in terms of reservoir modeling.  
The objective of this study is to model reservoir properties, such as porosity, both at 
the well locations and in the inter-well regions by integrating the geology, rock-physics, 
logs, and pre-stack seismic data. This has been achieved by applying amplitude-versus-
angle (AVA) seismic inversion to invert for the 3-D impedance volumes and establishing 
a rock physics relation between impedance and porosity. The aim of seismic inversion is 
to obtain elastic properties from seismic reflection data. In other words, it is the process 
of determining what physical characteristics of rocks and fluids (i.e., P-impedance, S-
impedance, and density) could have produced the observed seismic data. The inversion 
results help generate a structural model that more closely represents the subsurface 
geology and can predict reservoir porosity using well-calibrated transformations to obtain 
a better reservoir model. The transformation of seismic inversion results to reservoir 
properties is a key element in reservoir characterization.  
 
Geological Background 
The Arabian Peninsula was located on the southern margin of the Tethys Ocean during 
the Middle and Late Jurassic (Al-Husseini, 1997). During Arab-D deposition, the study 
area was part of a shallow water ramp to an intra-shelf basin system facing southward 
into the Arabian Basin (Handford et al., 2002). An overall progressive rise in sea level 
and widespread deposition of predominantly shallow-marine carbonates characterize the 
Arab-D intervals. This section (Fig. 2) records progressive shoaling from the outer ramp, 
deeper sub-tidal mud-dominated facies, through ramp-crest grainstones, and capped by 
sabkha to salina evaporites (predominantly anhydrite). The overall upward-shallowing 
Arab section consists of four longer-term upward-shallowing sedimentary packages that 
are in turn composed of higher frequency depositional cycles. These four longer-term 
packages, or members, are the Arab D, Arab C, Arab B, and Arab A in ascending order. 
Each member consists of a lower carbonate (made up of shoaling-upward high-frequency 
cycles of marine shallow-water carbonates) and an upper sabkha/salina evaporitic section 
as a seal (Fig. 2). The thick evaporite associated with the Arab A Member is called the 
Hith Formation and it overlies the entire Arab Formation (Powers, 1968).  
The Arab-D target examined here has an average thickness of 136 feet. It has been 
subdivided into six zones by means of stratigraphic markers based on well log 
correlations and the lithology/depositional facies described from cores (Powers, 1968). 
Limestone grain-dominated packstone (Lucia, 1995) is the primary depositional texture 
of the upper, high reservoir quality portion of the Arab-D sequence, and mud-dominated 
packstone and wackestone are more common in the highly stratified lower part of the 
section.  
 
Data for Study 
The seismic data for this study, extracted from a dense 3-D survey, consist of 25 pre-
stack in-lines about 875 m apart covering an area of about 725 sq. km (Fig. 3). These data 
are a subset of a larger survey that consists of 1680 in-lines and 1614 cross-lines with 25 
by 25 m bin size and a total survey area of about 1680 sq. km. The relative locations of 
the pre-stack lines and three available wells, A, B, and C, are superimposed on the Arab-
D time structure map (Fig. 3).  
The data are sampled every 2 ms with a frequency spectrum of about 8 to 70 Hz and a 
dominant frequency of 30 Hz. The vertical resolution of the seismic data at the target 
depth is about 46 m (151 ft) assuming an average velocity of 5500 m/s. Figure 4 shows 
an east-west cross-section (the inline intersecting well A in Figure 3) with the Arab-D 
interpreted horizon. The data were processed with special attention to preserving the 
relative amplitudes, and were time migrated before stack.  
The 3-D seismic data over the study area have variable quality. Several areas were 
identified that had poor signal-to-noise ratio or otherwise showed degraded reflection 
coherence and continuity. Many of these zones coincide with surface scree and debris 
deposits below the scarps near the edges of the field.  
Suites of basic wireline logs (gamma ray, density, sonic, and neutron porosity) from 
three wells (A, B, and C) were available for this study. P-wave sonic logs are available 
for all three wells, and a dipole S-wave log is available only for well A. 
 
Elastic and Rock Properties in Carbonates 
Seismic properties of carbonate rocks are affected in complex ways by many parameters, 
such as pore type and shape, porosity, pore fluid and saturation. Carbonates are prone to 
rapid diagenesis that changes the rock’s elastic properties by altering the mineralogy and 
pore structures. Many studies have shown that porosity is the most important factor in 
determining the seismic response in carbonate rocks (Rafavich et al., 1984, Wang et al., 
1991, Anselmetti and Eberli, 1993). Eberli et al. (2003) discussed the controlling factors 
on the elastic properties of carbonate sediments and rocks. Their study also indicated that 
porosity and pore type are key factors in determining the elastic behavior and sonic 
velocity in carbonates (Anselmetti and Eberli, 1993).  
Carbonate reservoir rocks, in general, are different from siliclastic reservoir rocks as 
to how porosity affects seismic velocity. P-wave velocity versus porosity from laboratory 
measurements by Eberli et al. (2003) is shown in Figure 5a. The measured values show 
large scattering around the Wyllie time average equation curve (Wyllie et al., 1956). 
Velocity varies up to 2500 m/s for a given porosity, and porosity may vary from 10% to 
40% at a given velocity. The velocity scatter around the Wyllie time average equation 
may introduce uncertainty in estimating porosity from P-wave velocity values. This 
scattering can be attributed to the presence of different pore types in carbonate rocks as 
shown on the right plot in Figure 5. For example, it is possible to obtain an impedance 
contrast between two similar lithologic layers that have the same porosity but different 
pore types. On the other hand, two layers with different porosity can have similar velocity 
(due to the different pore types) and may show no impedance contrast.  
Lucia’s (1983) classification of interparticle and vuggy pore types is based on how 
the pores are connected and mainly impacts the petrophysical properties of saturation and 
permeability. Eberli et al. (2003) classified pore types based on their impact on the elastic 
properties. The classifications of Lucia (1983) and Eberli et al. (2003) are similar, though 
there are some exceptions (Table 1). Pore types with stiff frames have high rigidity and 
bulk modulus and, therefore, high velocity commonly caused by cementation followed by 
dissolution. Examples of these are all types of vuggy pores based on Lucia’s 
classification including separate and touching vugs. In contrast, rocks with microporosity, 
like interparticle and inter-crystalline porosity, have low rigidity and therefore low 
seismic velocity.  
Typical thin sections from two Arab-D zones (Fig. 2) show that interparticle porosity 
is the dominant pore type, especially in the upper zone, which is mainly composed of 
ooid grainstone and pellet packstone (Lucia et al., 2001). In general, carbonate rocks with 
high interparticle porosity have low rigidity and behave similar to clastic rocks in terms 
of the rock physics.  
 
Stiff Frame (High Elastic Moduli) Weak Frame (Low Elastic Moduli) 
Vuggy Porosity Interparticle/Intercrystalline 
Separate Vugs Microporosity 
Touching Vugs  
 
Table 1. Classification based on the influence of pore types on the elastic properties. 
(modified after Lucia, 1983). 
 
Cross-plot Analysis 
Log-derived data are obtained at in-situ conditions of pore pressure, stress, saturation and 
temperature and, it is essential to utilize them for building rock physics models. 
Significant predictive relationships are found between porosity and the elastic parameters 
(e.g., P-impedance, S-impedance, and bulk density). Figure 6 shows the relations derived 
from log data from well A between P-wave velocity and shear velocity versus porosity, 
P-impedance and shear impedance versus porosity, Vp/Vs ratio versus porosity, and bulk 
density versus porosity. Well A is the only well that has dipole sonic log measurements 
for S-wave velocity values. As expected, P-impedance and P-velocity show good 
correlations with porosity. However, the S-velocity and S-impedance trends with porosity 
are tighter, but they appear less sensitive than the P-velocity and P-impedance to porosity 
(Figs. 6a and 6b). As shown in Figure 6c, there is only a poor correlation between the 
Vp/Vs ratio and porosity. Bulk density is poorly correlated to porosity, mainly due to 
uncertainty in the density tool measurements.  
 
Rock Physics Model 
Rock physics analysis provides the link between rock properties and seismically-derived 
elastic properties and is very useful for meaningful assessment of a geologic model and 
any quantitative integration of seismic, well, and core data. Applying a rock-physics 
model assumes that the elastic properties of the rock depend on total porosity, lithology 
and pore fluid. Also, we assume that calcite is the only mineral that is present in the rock. 
Raymer et al. (1980) proposed improvements to Wyllie’s simple empirical relationship 
between porosity and velocity, the Raymer-Hunt-Gardner (RHG) equation, which can be 
expressed as:  
  
€ 
Vp - rock = (1−φ)2 Vp - solid + φ Vp - fluid for φ < 37% , (1) 
where Vp-rock is the P-wave velocity of the bulk rock, Vp-solid is the P-wave velocity of 
the average solid mineral phase, and Vp-fluid is the P-wave velocity in the pore fluid. The 
RHG equation has been modified to show the relation between P-impedance (instead of 
velocity) and porosity by multiplying the Vp-rock, Vp-solid, and Vp-fluid with their respective 
densities:  
  
€ 
Zp - rock = (1−φ)2 Zp - solid + φ Zp - fluid ,     (2) 
where Zp-rock, Zp-solid, and Zp-fluid are the P-impedance of the bulk rock, solid mineral 
phase, and pore fluid, respectively. Typical values of velocity and density for calcite and 
oil from Mavko et al. (1998) have been slightly modified to tune the RHG relation with 
the well data as given in Table 2. The red curve fitting the data in Figure 7 is the RHG 
impedance-porosity empirical relation, which assumes the value for Vp-solid and Vp-fluid as 
given in Table 2.  
The RHG empirical relation, relating velocity (and impedance) to porosity, 
adequately modeled the well data as shown in Figure 7. Therefore, the constructed RHG 
rock physics transform was applied to seismic inverted impedance to produce a 3-D 
porosity model and identify high quality reservoir zones.  
 
 
 
 
 P-wave Velocity (m/s) Density (g/cc) Impedance((m/s)*(g/cc)) 
Oil  1325  0.82  1087  
Calcite 6500  2.50  16250  
 
Table 2. Typical values of P-wave velocity and density for oil and calcite. Modified 
after (Mavko et al., 1998).  
 
Data Pre-conditioning 
When processing seismic data for AVO or AVA analysis, many (but not all) undesired 
influences are removed. As a result, amplitude anomalies are successfully highlighted 
even though the true amplitude may not be preserved (Resnick, 1993). The seismic data 
for this study were processed with special attention to preserving the relative amplitudes 
and were time migrated before stack. To further enhance the signal and reduce the 
random noise while preserving the offset-dependent amplitude, we created super gathers, 
which use a rolling window that averages adjacent common mid points (CMPs) as shown 
in Figure 8. Then we transformed the gathers from the time-offset domain to time-angle 
domain using the ray parameter algorithm to obtain twelve partial angle stacks with angle 
ranges: 3°-6°, 6°-9°, 9°-12°… 36°-39° at 3° increments. Lastly, we applied a trim static 
to correct for any event misalignments that result from small move-out errors. The main 
goal for applying these processing steps was to prepare the data for simultaneous AVA 
inversion.  
Moreover, well log-to-seismic depth calibration is not only a critical first-step when 
interpreting the seismic but also vital prior to impedance modeling and inversion. The 
log-to-seismic calibration (time-depth information) in this study was based on check-shot 
and VSP data from Well A. Figure 9 shows the calibration between the synthetic 
seismogram and near-angle traces from Well A.  
 
Seismic Inversion 
Pre-stack seismic inversion simultaneously inverts seismic amplitudes and offsets for P-
impedance, S-impedance and density pseudo-logs at each CMP location by making use 
of reflection amplitude variations with the angle of incidence. The main reason for 
employing pre-stack data (instead of post-stack) to invert for acoustic impedance after 
filtering out the noise was because near offset amplitudes are distorted, and there is a 
significant AVO signature at mid and far offsets that can be masked after stack. Further, 
the effects of mode-conversion on the data were minimized by extracting the S-wave 
impedance and density. Therefore, we did not expect to derive reliable acoustic 
impedance from the stacked data, as it does not represent an accurate zero-offset 
response.  
The Hampson-Russel AVA constrained inversion algorithm (Hampson et al., 2005), 
which integrates pre-stack seismic amplitude and well-log data, was conducted on the 
pre-stack time migrated seismic lines to better estimate rock properties. It incorporates 
angle-dependent reflectivity into the forward model by including multiple angle-
dependent wavelets and three a priori low frequency trends (one for each model 
parameter) interpolated using well data. At each CMP location, the twelve partial angle 
stacks are represented as the convolution of twelve interpolated angle-dependent wavelets 
and twelve respective angle-dependent reflectivity series.  
The twelve reflectivity series are functions of the model space, parameterized with P-
impedance, S-impedance and density which represent the elastic earth model. A re-
arranged form of the Aki and Richards (1980) approximation of the Zoeppritz equation 
by Fatti et al. (1994) is used to calculate the twelve angle-dependent reflectivity series 
from the model parameters (P-impedance, S-impedance and density) at every iteration. 
The inversion of the linearized system (with a Vp/Vs ratio equal to 1.94) is performed 
using conjugate gradients.  
The filtered logs (50 Hz cut off frequency) were compared with the final inverted 
results at wells A and B (Figs. 10 and 11, respectively). To reduce the influence of the 
initial model, only weak constraints were imposed on how far the final result may deviate 
from the initial model. Synthetic modeled data and data residuals (i.e., the difference 
between the measured data and modeled data) from four adjacent CMPs are shown in 
Figure 12. The data residuals, both at the well and inter-well locations, show a small level 
of incoherent and coherent noise. In general, areas of poor inversion coincided with the 
zones of poor quality seismic data (not shown here).  
Figures 10 and 11 show a good match between the logs and the derived model. In 
addition, the data residuals are generally random, suggesting that the P-impedance 
estimate is good. On the other hand, the S-impedance results show a good match between 
the measured log and the model, but with less stability, compared to the P-impedance. 
The results honored the incorporated low frequency a priori structural information. As 
expected, density was not well resolved. S-impedance and density estimates depend on 
the AVO signature at mid to far offsets which is where noise and errors due to multiples 
and mode conversions, AVO absorption (Chiburis, 1993), residual NMO, NMO stretch 
and anisotropy are greatest. Also, the small layer contrast assumption of the Aki and 
Richards’ approximation may not be valid in the case of the high contrast Arab-D 
carbonate sequence.  
The final P-impedance cross-sections in the vicinity of well A are similar to the 
broadband P-impedance obtained from the logs (Figure 13). A crossplot of log 
impedance and seismic impedance target interval close to well A is shown in Figure 14. 
This result was obtained by converting the log impedance to time and then resampling to 
a 4 ms sample rate. Figure 14 clearly shows that most of the data lie close to the 45° line, 
indicating good consistency.  
 
Seismic Porosity Interpretation 
From the inversion results, we can estimate average impedance in the target interval; this 
can be used to estimate porosity directly from the RHG empirical relationship between 
impedance and porosity (Fig. 15). Cross-validation of log porosity versus seismically-
derived porosity at the target interval near well A (Fig. 16) shows that seismically-
derived porosity is consistent with log observations. These results provide confidence in 
estimating porosity away from the wells using seismic measurements.  
In a more detailed comparison, we find a greater lateral extension of high porosity 
zones in the northeast part of the field (closer to the crest of the structure) (Fig. 17). To 
obtain results comparable to the reservoir model grid cell dimensions, porosity profiles 
were averaged over 10 traces (i.e. corresponding to 250 m laterally). A porosity map of 
the Arab-D target using inverse distance interpolation and well data is shown in Figure 
18. The porosity map using only three wells shows large uncertainty away from the wells. 
The seismically-derived porosity map, which honors well data and more densely sampled 
seismic data, shows an overall agreement with the interpolated porosity map near the well 
locations.  
As pointed out earlier, the study area, during deposition of the Arab-D, was part of a 
shallow water ramp to an intra-shelf basin system facing southward (Handford et al., 
2002). The Arab D section shows progressive shoaling from outer ramp deep subtidal 
mud-dominated facies through ramp crest grainstone shoals and is capped by sabkha to 
salina evaporites. This shoaling model suggests that the highest energy facies are 
concentrated at the crest of the structure and lower energy facies (i.e. more muddy facies) 
are found toward the flanks of the structure. As a crestal well, Well A is interpreted to 
contain higher energy facies; this is consistent with the porosities estimated from the 
impedance values. Wells B and C are flank wells which show more muddy facies (B. 
Ames, pers comm.., 2010).  
The seismically-derived porosity map is considered reliable, particularly in areas with 
high signal-to-noise ratio, because it honors both seismic and well data, and it is 
consistent with previously built chronostratigraphic and lithostratigrapic models 
interpolated from core and log data.  
The lower boundary of the seismically-derived high porosity zone throughout the 
field is consistent with the boundary between the two composite sequences comprising 
the Arab-D target. We suggest that incorporating core data with seismically-derived 
porosity profiles would significantly enhance stratigraphic interpretation that will honor 
the integration of independently obtained data (i.e., seismic, wire-line logs and core data). 
Enhancing the stratigraphic interpretation will help in understanding the local and 
regional depositional models by ensuring that the paleogeography and depositional 
history are consistent with the depositional mechanisms that created the reservoir facies.  
 
Discussions and Conclusion 
This paper has shown the value of acoustic impedance obtained from seismic inversion 
for guiding detailed mapping of reservoir heterogeneity, specifically porosity variations, 
between wells in the Arab-D section in the field of study.  
Constrained pre-stack inversion was applied to the seismic data available for this 
study to simultaneously invert for P-impedance, S-impedance and density. The P-
impedance estimates are comparable with well log data in the study area, whereas the S-
impedance estimates show a much poorer match to well log data. The density has not 
been resolved mainly because density estimation using Fatti’s equation is highly 
dependent on AVO signatures at far offset, which are often masked by mode conversions, 
multiples, residual NMO errors, NMO stretch, AVO absorption (Chiburis, 1993) and 
anisotropy.  
Finally, we used the RHG impedance-porosity empirical relation (Eqn. 2) to estimate 
porosity from the P-impedance. The estimated porosity showed a good match with the 
porosity log at well A. Reservoir quality (porosity and permeability) is best at the crest of 
the structure, poorer on the flanks.  The differences in rock textures/facies from cores 
between crestal well A and the two flank wells wells B and C seem to verify this 
model. Reservoir characterization based on impedance estimates from seismic inversion 
as well as porosity-impedance relationships from well-log data has allowed identification 
of additional areas of potentially good reservoir quality.  
 
Acknowledgment 
We would like to thank Saudi Aramco for providing the data and supporting this 
research.  
 
References 
Aki, K., and Richards, P. G., 1980, Quantitative seismology - Theory and Methods, v. 1, 
W.H. Freeman and Co., San Francisco.  
Al-Husseini, M. I., 1997, Jurassic stratigraphy of western and southern Arabian Gulf, 
GeoArabia, v. 2, no. 4, p. 361-382.  
Anselmetti, F. S., and G. P. Eberli, 1993, Controls on sonic velocity in carbonates, Pure 
and Applied Geophysics, v. 141, no. 2-4, p. 287-323.  
Cantrell, D., Swart, P., and Hagerty, R., 2004, Genesis and characterization of dolomite, 
Arab-D Reservoir, Ghawar field, Saudi Arabia, GeoArabia, Vol. 9, No. 2.  
Chiburis, E. F., 1993, AVO applications in Saudi Arabia, in Castagna, J. P., and Backus, 
M. M., Eds., Offset dependent reflectivity , Theory and practice of AVO analysis, 
Soc. Expl. Geophys., 211–229. 
Eberli, G. P., Baechle, G. T., Anselmetti, F. S., and Incze, M. L., 2003, Factors 
controlling elastic properties in carbonate sediments and rocks, The Leading Edge, 
v.22, p. 654-660.  
Fatti, J. L., Smith, G. C., Vail, P. J., Strauss, P. J., and Levitt, P. R., 1994, Detection of 
gas in sandstone reservoirs using AVO analysis, A 3-D seismic case history using 
the Geostack technique, Geophysics, 59, 1362-1376.  
Hampson, D., Russell, B., and Bankhead, B., 2005, Simultaneous inversion of prestack 
seismic data, 75th Ann. Mtg. Abstracts, SEG. p. 1633-1637 
Handford, C. R., Cantrell, D. L., and Keith, T. H., 2002, Regional facies relationships and 
sequence stratigraphy of a supergiant reservoir (Arab-D member), Saudi Arabia, in 
Armentrout, J. M., and Pacht, J. A., eds., Sequence Stratigraphic Models for 
Exploration and Production, SEPM, Gulf Coast Section, 22nd Annual Foundation 
Bob F. Perkins Research Conference, p. 539-563.   
Hashin, Z., and S. Shtrikman, 1963, A variational approach to the elastic behavior of 
multiphase materials, Journal of the Mechanics and Physics of Solids, v. 11, no. 2, p. 
127-140.  
Lucia, F. J., 1983, Petrophysical parameters estimated from visual description of 
carbonate rocks: a field classification of carbonate pore space, Journal of Petroleum 
Technology, March, v. 35, p. 626-637.  
Lucia, F. J., 1995, Rock fabric/petrophysical classification of carbonate pore space for 
reservoir characterization, American Association of Petroleum Geologists Bulletin, 
v. 79, no. 9, p. 1275-1300. 
Lucia, J., Jennings, J., Rahnis, M., and Meyer, F., 2001, Permeability and Rock Fabric 
from Wireline Logs, Arab-D Reservoir, Ghawar Field, Saudi Arabia, GeoArabia, v. 
6, no. 4.   
Mavko, G., Mukerji, T., and Dvorkin, J., 1998, Rock Physics Handbook: Tools for 
Seismic Interpretation in Porous Media, Cambridge University Press, 329 p.  
Powers, R. W., 1968, Saudi Arabia: Lexique Stratigraphique International, V. III, Centre 
National de la Recherche Scientifique, Paris, 171 p.  
Rafavich, F., Kendal, C. H. St. C., and Todd, T. P., 1984, The relationship between 
acoustic properties and the petrographic character of carbonate rocks, Geophysics v. 
49, p. 1622-1636.  
Raymer, L. L., Hunt, E. R., and Gardner, J. S., 1980, An improved sonic transit-time 
porosity transform, Soc. Pro. Well Log Analysts 21st Annual Logging Symposium 
Transactions, paper P.  
Resnick, J. R., 1993, Seismic Data Processing for AVO and AVA Analysis , in J. P. 
Castagna and M. M. Backus, Eds., Offset-Dependent Reflectivity — Theory and 
Practice of AVO Analysis, Society of Exploration Geophysicists, p. 175-188.  
Wang Z., Hirsche W., and Sedgwick G., 1991, Seismic monitoring of water floods? - A 
petrophysical study, Geophysics, v. 56, p. 1614-1623.  
Wyllie, M. R. J., Gregory, A. R., and Gardner, L. W., 1956, Elastic wave velocities in 
heterogeneous and porous media, Geophysics, v. 21, p. 41-70.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Landsat map showing the location of the study area (red rectangle) in 
eastern Saudi Arabia. 
 
 
Figure 2. Schematic display of a generalized Upper Jurassic Lithostratigraphy in 
the study field, (b) and (c) show typical thin sections from two Arab-D 
composite zones in the region. Modified after Cantrell et al. (2004) and Lucia et 
al. (2001). 
 
Figure 3. The seismic and well-log datasets are from an oil field in Eastern Saudi 
Arabia. This figure shows a time-structure map on the Arab-D horizon from post-
stack data that has gain applied to it. The map shows the relative location of the 
available pre-stack lines and the three wells A, B, and C. Note the gap in pre-stack 
seismic coverage in center of the survey. A cross-section of the inline highlighted in 
red is shown in Figure 4. 
  
Figure 4. An east-west seismic cross-section (the inline highlighted in red in 
Figure 3) processed to preserve relative amplitude. It shows the interpreted Arab D 
horizon at the top of the target zone (picked blue horizon). 
 
Figure 5. P-wave velocity versus porosity from laboratory measurements for (left) 
carbonate and compacted muds and for (right) different pore types (Eberli et al., 
2003). The dashed line is the Hashin-Shtrikman bound (Hashin and Shtrikman, 
1963), and solid black line is the theoretical minimum. The velocity scattering 
around the Wyllie time average equation (blue curve) may introduce uncertainty in 
extracting porosity from elastic parameters.  
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The target is a limestone reservoir Jurassic in age, and the top of the reservoir is anhydrite acting as a seal 
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Figure 6. Graphs showing the relations between the elastic properties versus 
porosity at Well A including (a) compressional and shear velocities, (b) 
compressional and shear impedance, (c) Vp/Vs and (d) bulk density. The shear 
impedance has the tightest trend with porosity, but it is less sensitive compared to 
P-impedance. 
 
Figure 7. This graph shows log-derived P-impedance vs. porosity from all wells. 
The black curve is the RHG impedance-porosity empirical relation. This relation 
will be utilized for transforming inverted seismic impedance to porosity within the 
Arab-D target throughout the whole field. 
 
Figure 8. CMP gather in the offset domain (a) before and (b) after applying super 
gathers to increase the signal-to-noise ratio, (c) after applying a trim static to 
correct for any event misalignments, (d) the same CMP gather after the conversion 
from the offset to the angle domain.  
 
Figure 9. Well to seismic tie at the Well A location, showing time-sampled gamma 
ray, density, P- & S-wave velocity logs, and impedance estimate. Blue seismic traces 
are synthetic, red are composite traces from the observed seismic (black). The target 
interval is highlighted in light green. 
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Figure 10. The inversion results after 50 iterations compared to the logs at Well A. 
The initial low frequency models are shown in black, original logs in blue, and 
inverted results in red. There is a good match between the seismic (angle traces) 
and the synthetic model, while the error is random and incoherent. The target zone 
is highlighted in light green. 
 
Figure 11. The inversion results after 50 iterations compared to the logs at Well B. 
The initial low frequency models are shown in black, original logs in blue, and 
inverted results in red. There is a good match between the seismic (angle traces) and 
the model, while the error is random and incoherent. The target zone is highlighted in 
light green. 
  
Figure 12. Four adjacent CMPs in the incidence angle domain: (a) measured, (b) 
synthetic, and (c) residuals. The blue lines are the picked horizon at the target zone. 
 
 
Figure 13. East-west P-wave impedance cross-section in the vicinity of well A. 
Yellow and green correspond to low impedance, while blue and violet correspond 
to high impedance. Note the good agreement between the well (high frequency) 
and seismic impedance (band limited). 
 
Figure 14. Cross-validation of seismic impedance and log impedance within 20 ms 
two-way-time of the target interval close to well A. The log impedance was 
averaged over a 50ft depth-window and then converted to time with a 4 ms sample 
rate. The black line is the 45º line, and blue is the linear best-fit line. Most of the 
values lie close to the 45º line. 
 
Figure 15. East-west cross-section showing seismically estimated porosity in the 
vicinity of well A. Yellow and green colors correspond to high porosity, while 
blue and dark violet correspond to low porosity. Note the agreement between the 
well (high frequency) and seismic porosity (band-limited). 
 
 
Figure 16. Cross plot of seismically-derived porosity vs. log porosity within 20 ms 
two-way-time of the target interval near well A. The log porosity was averaged 
over a 50ft depth-window and then converted to time with a 4 ms sample rate. The 
black line is the 45º line, and blue is the linear best-fit line. 
 
Figure 17. Relative porosity estimate obtained from an RMS average of the 
impedance over a 16 ms time window within the target interval. Note the high 
porosity in the vicinity of well A. No pre-stack data were available in the center of 
the survey area.  
 
Figure 18. Relative porosity estimate of the Arab-D target interpolated between 
the three wells using inverse distance. 
